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EXECUTIVE SUMMARY
The Migratory Bird Treaty Act (MBTA) is used to protect migratory birds from direct and

incidental impacts. The law is applied in a number of situations affecting transportation agencies
including construction activities that impact structures, such dgé®j concrete box culverts, or
trees and other roadside habitdtere migratory birds are nesting. CDOT regularly has projects
that may cause impacts to migratory birds under MBTA and must take steps to remain in
compliance with the act. At the outsettbé studythe study team wasvestigatingnew andbr

more effective nest exclusion and nesting deterrent techniquesliterature review and panel
interviews yielded some interesting possible directions for the study; however, there was a change
in the scope of the project when it was determined that noise and vibregasuring equipment

from Sigicomcould beusedwithout cost to the studgam or CDOTor this study.Typically, a

setup of this type from Sigicom would cost between $1750 and $2250 per month tdhent.
remaining scopeof the study was focused on noise and vibration that result from bridge
maintenanceactivities and how thesmuld impact nesting migratory birds.

The ultimate goabf the studywas to determine which activitiege or are not likely tocause
incidental take to nesting migratory birds because of associated noise and vibrdkimneport,

A aked generallyfollows the definition used in discussions of the Endangered Species act and the
Migratory Bird Treaty Act (se&0 C.F.R. 10.1¢ mearng: to harass, harm, pursue, hunt, shoot,
wound, Kill, trap, capture, or colleutildlife or parts of wildlife, or to attempt to engage in any
such conduct. An incidental take is a take that results from activities that are otherwiseTlagvful.
conductedpilot projectinvolved placing noise and vibration measuring equipmenbrigige
girders ofthe Sheridan Boulevard bridge over Clear Creek during a time period thecridge

was undergoin@ standard maintenance actwitresurfacing The data from the equipment was
gathered and compared wibnstruction logs to identifwhen construction was occurring and the

level of noise and vibration that resulted from each type of activity.

Baseline measurements were intended to be gathered for a week prior to construction. Due to
errors related to the batteries, only four daybadeline data were recorded. Nevertheless, the
results of the study showed that some construction activities did result in higher levels of noise

and vibration intensity than those experienced during periods ef@mstruction. This outcome



was expectedjowever, it does have its limitations in interpretation. The study was only conducted
on one bridge, and there were no observations of nesting migratory birds during the maintenance
construction due to MBTA restrictions. Therefor results are inconclugive;not possible to
interpret solely from these results whether any of the activities are severe enough to cause an

incidental take to migratory birds.

This research project would best be used as a supplement to additional research studies on the
topic, and for recommendations for a more robustdulile study. More bridges and bridge types
should be studied, and weekly visits should be made during construction to note whether or not
birds have begun or continued nesting on the structure. It wouldbald®neficial to choose
bridges undergoing different types of maintenance activities and to examine nest integrity on
various surfaces. With additional data, it may be possible to identify types of activities that do not
result in large enough levels adise or vibration to cause an incidental take of migratory birds. If

so, those activities could be theoretically undertaken by CDOT with no need for MBTA surveys
and mitigation. In the future, this information could be used to implement a programmatic
agreement with the United States Fish and Wildlife Service (USFWS) to allow these activities to
take place without additional permits or construction restrictions being required, which

standardized conservation measures in an improved process relateldn@red species

Implementation Statement

The study team believes that this resegsobiect contains useful information, best used in
conjunction with other studies on the subject in order to make procedural changes; or to form the
basis for a more robust styof multiple bridge types, multiple locations, and multiple levels of
maintenance activities in conjunction with biological monitoring of nests to more accurately
describe the effects of activities on migratory birds. Additional data will help infordigbession
aboutcertain common maintenance activitiést canbe likely be conductedwithout causing
incidental take to migratory birds. This study would be most beneficial to biologists and project
managers working on projecthat have their scope @chedules impacted by requirements
necessary foMBTA compliance. If additional studies show tlsgiecificactivities do not cause

incidental take, then future projects that involve those activities may not réugsesestrictions



to avoid violating theVIBTA. Specific recommendatiorisr potential future studiesre described

in more detailm Section 4.1
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1 INTRODUCTION

1.1 Background

Compliance with the Migratory Bird Treaty Act (MBTA) is required of the majority of the
Col orado Department of Transportationds (CDOT
structures, such dwsidges and concrete box culverts (CBCs). Originally, the goal of this project
wasto provide CDOT with recommendations for minimizing impacts to migratory birds on large
span structures. Felsburg Holt & Ullevig (FHU) completed a literature review orubjecs
developed that resulted in several related recommendations. Due to the unexpected availability of
specialized equipment, it was decided that the focus of the study would shdftterimination of

the types of impacts standard maintenance ae$vin structures would have on migratory birds
through noise and vibratiomhis document outlines tleimmary of a literature search and review,

the vibration and noise study on a large span bridge, and recommendatoaosding to the

CDOT Bridge Design Manual (2018), major structures are bridges and culverts with a total length
greater than 20 feet measured along the centerline of the roadway between the inside face of

abutments, inside faces of the outermost wallsubferts, or spring lines of arches

1.2 Current Practices

CDOT Specification 240found below inAppendix A, is followed when working on CBE§
bridges, and other structures. This specification states thatamastcuctures must be completed

in a mannerhat does not result in a taking (pursue, hunt, take, capture or Kill; attempt to take,
capture, kill or possess) of migratory birds protected by the MBVérk on structures cannot be
completedduring the primary breeding season, April 1 through AugustBless the following

actionsare taken

1 Existing nestsare removed prior to April 1.

1 The structurearemonitored at least once every three days for any nesting actiuriggd
the time that the birds are trying to build or occupy their nbstsyeen Aril 1 and August
3L

1 Ifthe birds have started to build any nests, the @@stemoved before they are completed.
Watercamot be used to remove the nests if nests are located within 50 feet of any surface

waters.



1 Installation of netting may be usedpgevent nest building. The nettilgmonitored and
repaired oreplaced as needed. Netting corsstdta mesh with openings that are % inch

by %4 inch or less.

If an active nestloes becomestablished, i.e., there are eggs or young in the nest, all tatrk t
could result inabandonment or destruction of the nemistbe avoided until the young have
fledged or the nest is unoccupidthe constructiomctivity cannot cause the birds to be displaced

after they have laid their eggs and before the young hedgdt.

CDOT has implemented differemtest exclusiometerrenttechniquesattempting to discourage
migratory birds from nesting on structures, particularly on large span structinesrimary
method of deterrent currently utilized by CDOT and other D@ Tigtting. Nettingan be a highly
effective deterrent tmest buildingas it completely denies access to the nesting gitevided
proper maintenance is performed to keep them in working.ddderever,netting large and high
span bridgesan be costhand maintenance access can be problematic. Additionally, improperly

installed nets caaccasionally result in trapped swallows and potential unintentional takes.

1.3 Problem Statement

Many of themigratory birdsrely on roadway structures for roosting and mgsCDOT hasfound

road structure maintenance and repair efforts difficult in the summer months due to migratory birds
nesting on varioudransportation structures (bridges, culverts, eani) concern that CDOT
activities could incidentally impact nestifirds

Swallows are of elevated concern to this issue because they can bretodtlwe® times in one
breeding season, thus remaining in their nesting colonies for up to 132 days during breeding
months (Gorenzel & Salmon, 1982a). Additionally, swalawe persistent nest builders and are
exceptionally difficult to mitigate by nest exclusion and deterrent methods (Caltrans et al., 2016).
Nesting colonies can also have well over 100 nests on a single strddtareonflict between
humans and swallowsours because swallows nest in high traffic areas and on structures that are

subject to routine maintenance and repair during the summer months.



Current research on noise and vibration thresholds that may affect nesting migratory birds is
lacking based orour search of the subject. There have been recent studies that have shown that
loud anthropogenic noises have negative impacts on itdst, 2018) Additional research is
needed in order tdetermire the types of impacts standard maintenance acBwtmestructures
such as milling, restriping, expansion device installatitetk sandblasting, etavould have on

nestingmigratory birds.

1.4 Obijectives of Study

The focus of the research project was initiddydetermine the best methods for minimizing
impacts to migratory birds on large span structures. However, it was decided that the focus of the
study would shift to examination of the level of impact may to migratory birds from noise and
vibration during a stndard maintenance and repair activity on a road structure, based on noise and

vibration sensors on the structure.

The objective of this project is to determine potential deterrents to migratory bird nesting, and the
levels of noise and vibration occurg during standard maintenance and repair activities on a large

span structure. The report is divided into three main sections based on these objectives:

91 Literature Review
1 Vibration and Noiséilot Study

1 Recommendations

2 LITERATURE REVIEW

This section presents the results of a literature search that was perfmassetion the original

intent of the projectin order to determinsome of the issues that have occurred in other parts of

the country related to migratory birds nesting on roadstiayctures and nest exclusion and nesting
deterrent techniqued=HU, the study team conducted an internet search foossible nest
exclusion/deterrent techniques that may be used on large, inaccessible roadway structures and
structures that are subjeotroutine repair effortsA targeted questionnaire interview process was

also conductedto gain anunderstanding of the problems that are encountered during normal



project activities and maintenance activitiesing the migratory bird nesting seasérsunmary

of the information sources included in the search are presented along with a summary of the results.

2.1 Information Sources

A literaturereview was conducted to determine some of the issues related to migratory birds
nesting on roadway structures, aslwae nest exclusion and nesting deterrent techniques. Multiple
nest exclusionary techniques were examined based on previous control efforts. Panel members
were interviewedn order to gain a complete understanding of the problems that are encountered
first-hand by biologists and others in the field during normal project activities and maintenance
activities. The two major goalgereto 1) Identify the main problems that they encounter on large
bridge structures as they pertain to normal operations and/or new or reconstruction operations
during the migratory bird nesting season and 2) Identify which activities and exclusionary devices

have been used on projects that have had previous successes. Panel members included:

1 Tim DeMasters, Right Line Environmental

1 Mark Lawler, CDOT Region 5 ESNEPA Specialist
1 Alison Michael, CDOT USFW4&iaison

1 Korby Mintken, Pinyon Environmental

1 Jeff Peterso, CDOTWildlife Program,Environmental Programs Branch

Theliterature reviewand the interviews are presented in the following section.

2.2 Results

Literature Review

FHU staff searched for subject matter that specifically addressed issues related toywbgasor
nesting on large, inaccessible roadway structures, specifically span bridges. However, very little
information exists in such a narrow focus of research. FHU staff expanded the literature review
for this research topic to include a wider backgroahstudy. This literature review summarizes
some of the issues that have occurred in other parts of the country related to migratory birds nesting

on roadway structures and nest exclusion and nesting deterrent techniques. Multiple nest



exclusionary techgues are examined and compared based on previous control efforts. Following
this literature review, FHU will provide a recommendation for future nest exclusion/deterrent
techniques that may be used on large, inaccessible roadway structures and sthadtues t
subject to routine repair efforts.

Migratory birds have caused many challenges with departments of transportation (DOTs) across
the country (Roberts, n.d.). For instance, hatchlings may fly into traffic causing accidents and bird
fatalities (Kimbelin, 2011), health concerns to birds and people (Florip, 2012), and roadway
maintenance issues (Delwiche et al., 2010; Roberts, n.d.). State transportation departments,
including the Colorado Department of Transportation (CDOT), are finding road structure
maintenance and repair efforts increasingly difficult in the summer months due to migratory birds
nesting on various transportation structures (bridges, culverts, etc.). Species such as Cliff Swallows
(Petrochelidon pyrrhonofeand Barn SwallowsHirundorustica), frequently nest on bridges, and

are protected under the Migratory Bird Treaty Act (MBTA) of 1918 (Roberts, n.d.; Delwiche et
al., 2010). Under this Act, completed bird nests, with eggs or young present, cannot be disturbed
during the breeding ason, which is generally April through August in Colorado (Gorenzel &
Salmon, 1982a; U.S. Fish and Wildlife Service, 2016). Since the nests cannot be disturbed, bridge
maintenance, repair, and construction must be halted during the entire breedingBelasiohd

et al., 2010; Fitzwater, 1988; Conklin et al., 2009; Tate, 2010). To prevent transportation conflicts
with the MBTA, it is of high importance to prevent migratory birds from nesting on roadway
structures to avoid any Aacfctiadkeendt ad f fAmiagkreadt oorfy
pursuit, hunt, shooting, wounding, Killing, trapping, capture, or collection of a protected bird. In a
very limited number of projects, the U.S. Fish and Wildlife Service (USFWS) has granted the
Federal Highway Aministration (FHWA) a blanket permit that allows a take of migratory birds
between April 1 and August 31 of each year. However, this permit is limited to only a few bridge

construction projects and is not a permanent act (FHWA, 2016).

Under the MBTA, inthe continental United States all bird species are protected except for House
Sparrows, Rock Pigeons, European Starlings, othematve birds, and nemigratory game
birds such as Rirgecked Pheasants, Chukar, and Grey Partridge (Gorenzel & Salm@&a).198

Many of the protected species rely on roadway structures for roosting and nesting during their



migration across the states. Swallows are of elevated concern to this issue because they can brood
two-to-three times in one breeding season, thus remainitigeir nesting colonies for up to 132

days during breeding months (Gorenzel & Salmon, 1982a). Additionally, swallows are persistent
nest builders and are exceptionally difficult to mitigate by nest exclusion and deterrent methods
(Caltrans et al., 2036The conflict between humans and swallows occurs because swallows nest

in high traffic areas and on structures that are subject to routine maintenance and repair during the

summer months.

It is particularly important ndb conduct construction or maimance in areas near or on structures
where swallows have nested because construction noise has the potential to result in lasting
damages to the birds. These impacts include stress and physiological effects, acoustic
overexposure leading to hearing losasking effects (inability to discern birds from one another),

and behavioral impacts (Caltrans, 2016). Although swallows successfully roost and nest
underneath bridges and other roadway structures with normal traffic noise, the amplified sounds
during congruction, and sounds outside of their active hours (dawn to dusk), may have significant
and detrimental impacts to the birds either in the long or short term. Swallows are generally
unaffected by urban noise (Cardoso, 2014); however, dramatic changessén such as
construction or entrance into a colony at night, can cause a major disturbance to the entire colony
and disorient the colony well into the next day (Brown & Brown, 1996). Current literature is
lacking information on what particular noise thvell can affect migratory birds, largely

swallows, and whether construction noise undeniably impacts swallow behavior.

There are many nesting exclusion techniques that have been suggested in literature that fall into
two general categories: bioacousticyl ssurface modifications. Bioacoustics involves playing
swallow distress calls to deter nesting (Coates et al., 2009; Delwiche et al., 2010). Surface
modifications are much more encompassing than bioacoustics deterrents. Surface modifications
include, butare not limitedo; cleaning all traces of old abandoned or partially built nests, plastic
sheeting, and silicorkased paint. Due to lack of previous studies detailing their effectiveness
other surface modifications not discussed in this review includel si@eeting, visual deterrents,

wood blocks, sprayed grease, and-active structure design.



FHU reviewed 25 different sources to determine the most effective methods of exclusion/nesting
deterrent techniques with a focus on large, difficult to accedgds. Bioacoustics were cited
numerous times in these articles, as well as at least one surface modification per article. After
exploring all available information, FHU will provide a recommendation on nest exclusion/nesting
deterrent techniques for largdifficult to access bridges and roadway structures to avoid future
conflicts with the MBTA.

AUDITORIAL EXCLUSIONS - Bioacoustics

Broadcast calls of swallows have been recorded ranging frokildh®&rtz(kHz) to 7kHz (Brown,

1985). It is suggestedahplaying alarm or distress calls ihighly preferredswallow habitat will

deter swallows from nesting (Coates et al., 2009; Delwiche et al., 2010; Conklin et al., 2009; CTC
& Associates, 2009). Distress calls can be purchased through certain labsrataoch as Borror
Laboratory (Conklin et al., 2009), or can be recorded during banding (Delwiche et al., 2010; Coates
et al., 2009). Bioacoustics alone do not completely deter nesting along roadway structures (Coates
et al., 2009; Delwiche et al., 2010paklin et al., 2009; Hunt, 2008). However, continually playing
broadcast calls can delay nesting (Delwiche et al., 2010) or at the very least, reduce the total
number of completed nests (Coates et al., 2009; Conklin et al., 2009; Hunt, 2008). Used as an
additive to mechanical control methods, broadcast calls can be particularly effective as a nest
deterrent technigue with numerous bird species across multiple habitats (Berge et al., 2007). The
main drawback of using broadcast calling as a deterrent ighbatwallows will eventually
become habituated to the broadcast calls and may even nest on toproftteastalling units

(Coates et al., 2009). Additionally, FHU staff have frequently observed human transients resting
underneath roadway structures wathe speakers would need to be placed. A major concern about
this method is that there may be humans tampering with the broadcasters, thus increasing the cost
to account for replacement broadcasters and extra staff monitoring.

SURFACE MODIFICATIONS

Clearing Old Nests

Most cliff swallows arrive in large colony groups within al2dur period, although larger colonies
may arrive in successive waves (Gore&&lalmon, 1982a). Swallow nests are extremely durable

and may be viable for multiple years. Swallows have an incredibly strong homing tendency and



will return to the same spot multiple years in a row. Old nests are often claimed quickly, although

not usudy by the original maker (Gorenzel & Salmon, 1982b).

Due to the birdsdé fervent homi ng tendencies a
traces of old nests by mechanical removal and waise (Fitzwater, 1988; USFW, 2016; Salmon

& Gorenzel, 2005; Gorenzel & Salmon, n.d.). By removing old nests, nest construction efforts are
thwarted, which consequently prevents egg laying. Incomplete nests and nests that do not contain
eggs or hatchlings can be removed under the MBTA (Gorenzel&ddall982b). Additionally,

if incomplete nests continuously get destroyed, the birds are likely to abandon the site for a more
successful location (USFW, 2016). Extensive cleaning efforts must be performed in the fall or
early spring before migration ocauto the area of interest, and near daily efforts need to be made

during nest to prevent nest completion (Salmon & Gorenzel, 2005).

The most common method to remove nests is kno
scraper is attached to the enfdao30foot extendablgole thatis used to dislodge nests from
underneath the bridges and culverts. This method, however, is often too difficult on bridges that

are over water that is too deep to wade in, are over 30 feet tall, or are over major r¢Ravways
Environmental, 2012). Although this is one of the fastest and easiest methods for swallow nest
removal, the CDPHE has not yet approved this method widespread due to the risk of possible
pollutant discharge (bird feces, lead paint, etc.) (WWE, 2016)

Low-Friction Plastic Sheeting or Higbensity Polyethylene Sheeting

There are multiple types of plastic sheeting that have the potential to exclude cliff swallow nesting,
including products such as Tefl onEowfBctiond Sl i o
plastic sheets prevent bird nesting by creating a slippery surface that is not conducive to nest
establishment because the mud used for nest building will quickly slide off (Coates et al., 2009;
Delwiche et al., 2010). In many tests, no nestingld occur directly on the plastic, despite
numerous efforts by the birds (Coates et al., 2009; Delwiche et al., 2010). Itestbgihere were

still nests, but significantly fewer (Conklin et al., 2009).

Plastic sheeting still has many drawbacks.d&@mple, sheeting may be difficult to install in areas
where there is deep water below the bridge or it is excessively windy. If not securely attached, the

9



plastic may become dislodged and thus expose nesting habitat for the swallows (Coates et al.,
2009 Delwiche et al., 2010). Nesting may also occur in avdzereit would not normally have
occurred, such as below the plastic sheeting, on the overhang surfaces, or where the sheeting has
pulled away. It is highly important to cover all potential nessimdaces with the sheeting to avoid
problematic nesting habits (Delwiche et al., 2010). Some nests can be completed on the plastic
sheeting and then fall off later, so it is essential to monitor the area to determine if maintenance
efforts need to be exetmd (Conklin et al., 2009). Swallows prefer-@8gree angles for nest
building; however, if unavailable, swallows can create nests on less desirable locations, such as
more obtuse or acute angled corners (Orsak, 2014). A method that is extremely exjgensive
exclude nesting would be to completely redesign bridges and rebuild existing bridges to contain

no 90degree angles.

It is also important to monitor the road structures of interest multiple times per week to remove
any partial nests that are being ceghfind to reattach any sheeting that is becoming dislodged.
Sheeting works most effectively on CBCs that can be completely covered by the sheets, and is
least effective on large bridges with waterways or roadways underneath that need to be accessible
to wildlife or humans. Sheeting is one of the easiest and cheapest methods for nest exclusion, but
many structures do not meet the necessary criteria for nest exclusion with sheeting (Delwiche et
al., 2010).

Siliconebased Paint

Siliconebased paint can alseduce nesting on roadway surfaces because it creates a slick surface.
Siliconebased antgraffiti and anticorrosion paints include EOAT 530, SiICOAT 579, CSL
Silicones, Guelph, ON, and Canada (Coates et al., 2009). Although none ao$ trerffeed o be
completely effective at excluding nests;DAT 530 has been the most effective in academic
studies (Coates et al., 2009). Occasionally fewer nests may be built if there are other desirable
surfaces nearby since the paint is less desirable thanugk surface the structures would have
provided otherwise (Delwiche et al., 2010). In general, there is no difference in the number of nests
built between controls and surfaces coated with silidmased paint (Coates et al., 2009; Delwiche

et al., 2010).

Netting

10



Netting is the current method that is used most often by CDOT and many other DOTs around the
country since it completely denies physical access to the sites (Tate, 2010; Salmon & Gorenzel,
2005). In Arizona, Wing-Stings contractors cleaned hinads of pounds of pigeon feces from

six freeway underpasses and then installed pemmanent netting. It took seven men a total of
three months to finish installing the nets. The netting has maintained its structure and deterred
pigeon nesting foroveifve year s. Arizona Wings NO6 Stings
entanglement issues (Arizona WNS, 2009). Although it is difficult to install properly, if netting
does not contain any openings large enough for the birds to enter through, thignaeffbetive
exclusionary technigue (Absolute Bird Control, 2015). The netting must be installed taut to prevent
the birds from becoming tangled in it, but loose enoughaiotcome dislodged by heavy winds
(Tate, 2010).

This method is not listed firsin this review because the netting occasionally traps and
inadvertently kills swallows (Conklin et al., 2009; Delwiche et al., 2010). These inadvertent bird
deaths are deemed as fAunintentional takeso by
with the MBTA, and are therefore punishable (Conklin et al., 2009). It is exceptionally important

to find a safer, more effective method of nest exclusion that does not pose this risk to avoid these

complications.

Other Surface Modification Methods

Anothermethod of bird exclusion is to hang a curtain of practically any material across the entire
corner of the bridges or across the entire top of a concrete boxed culvert (Tate, 2010). The material,
however, does need to be heavy enough to stay taught aget nabgled by the wind. Wire often

works as a curtain, but the mesh size needs to be quite small so that the birds cannot fly through
the mesh (Salmon & Gorenzel, 2005). CDOT has found billboard vinyl to be decently efifective

the vinyl is thick and carot become entangled by the wind, and as long as the vinyl meets the
ground or water birds cannot fly under or through the material. This method is more often used
with CBC6s since they are small er andisualasi er
quality disturbances. Using significantly smaller curtains of reflective material, such as CDs or
streamers, may also be effective, but the swallows may become habituated extremely quickly since

they are not harmed or physically excluded by this oe{Bird.B.Gone, 2017).
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Curtaining is simple, but birds often can fly under the curtain, and it is not effective if the bridge

is large or the passage below the bridge needs to be accessible (Tate, 2010). This method may
work similarly to using a mist néd catch the birds. As the birds become habituated to the curtain
causing conflicts there, they will be less likely to return in the future (Roche et al., 2013).

Spikes may also be used, and like other methods can be extremely effective if spaced. properly
Improper spacing may actually lead to an increase in bird nesting. The spikes may collect debris
that encourages nesting behavior because the uncleaned spikes provide an ideal habitat to construct
new nests (Tate, 2010). However, for birds that are rategted under MBTA this method has

shown to be effective (Deter a Pigeon, 2015; CTC & Associates, 2009).

In 2012,the Oregon DOT attempted to use proppoeered air cannons to scare off the starlings

that were nesting on their bridge structures (FI&@4,2). Although a safe technique, the birds are

not entirely repelled by the noise and many still roost after the cannons have fired. Additionally,
this technique would not be effective over the long term because the birds can become habituated

to the nose and will no longer be deterred by it (Florip, 2012).

Certain chemicals have also been used to deter nesting of birds that mainly irritate their eyes, lungs,
nose, or skin, such as methyl anthranilate (Tate, 2010), or AVITROLR® (Fitzwater, 1988). These
chemicals, however, are not publicly accepted because even though they are massively diluted, a
smal | portion of the colony will stild!l be fat

and would require a permit (Fitzwater, 1988; Delwiche eR8all0).

Falconry has also been used as a deterrent method for swallows; however, much like the use of
chemicals, it is not publicly accepted becaus:
benefits though. For example, this is a natural psoaed falcons are negpollutants (Wings Over

Colorado, 2017). Falconry is more often used on bird species that are not protected by the MBTA,
such as pigeons. The U.K. has modified this method and now uses Peregrine Hawk Kites as a
deterrent for birds wree nesting is a nuisance. These kites do not harm the birds and instead just
deter them from nesting in an area. However, the birds may become habituated to the kites

overtime and nest in these areas anyway (Peregrine, 2017).
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DISCUSSION OF FINDINGS

As aconsensus through the papers, it is obvious that the most effective method of the surface
modifications is plastic sheeting (Delwiche et al., 2010; Conklin et al., 2009; Hunt, 2008). For the
most part, nests cannot be attached to the plastic sheetimgaféeenumerous attempts by the

birds (Delwiche et al., 2010; Coates et al. 2009). Since the birds may still nest in less desirable
places after the plastic sheeting has been installed, it is important to cover all potential nesting
surfaces with the pléis sheets (Delwiche et al., 2010). Additionally, all the studies that combined

both the plastic sheeting and the broadcast calls had the largest decrease in nests (Delwiche et al.,
2010; Hunt, 2008; Berge et al., 2007). When proper care and maintesgoedormed, no
accident al Aftakeso are anticipated to occur b

Panelinterviews

The panel interview portion of the study yielded many different levels of experience and success
with various nesting exclusion and deterrent techniqgueseS$@nel members have had success
with scraping inactive nests and using netting; however, almost all noted that these are much less
feasible on largspan structures. Almost all panelists stated that seasonal restrictions on
construction activities are theost effective at reducing impacts to migratory birds. Some of the
members saw potential in the use of predator callsdesesrent but others were skeptical of its
long-term viability. Other suggestionthe study teantonsideredincluded the use of wat
cannons, drones, gbhsed deterrents, predator decoys, Teflon sprays, reflective ribbons and

hangingcompact discs (CD€Jmong othersT able 1belowpresents a summary of the interviews.

Table 1. Summary of Panel Membernterviews

Panel Member Questionnaire Summary

Tim  DeMasters| Inactive nest removal prgeason, flash deterrents, and curtains on cel
Right Line| Pox culverts are some of the deterrent and methods that Tirr
experienced success with. Heted that scraping nests from bridges is
very effective or efficient. He suggested that the study team eve
lights, calls, and predator decoys as well as Teflon spray as viable m
to deter migratory birds from nesting on bridges.

Environmental
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Panel Member Questionnaire Summary

Mark Lawler, | According to the questionnaire, Mark has had success at deterring r
CDOT Region 5 using deterring gels as well as large aluminum balloons. Repeated re
of inactive nests was successful for certain species, and predator «
were moderaly successful. Mark was interested in investigating
deterrent gel. The biggest construction activities that concerned Ma
those that result in periods of construction inactivity that give time
birds to come in and build new nests.

Alison  Michael, | Alison indicated that she promotes utilizing seasonal work restrictio
USFWS a method for avoiding MBTA violations. She stated that any constru
activity that disturbs or destroyesting habitat during the nesting sea:
without first takng precautions to remove the habitat or otherwise tr
prevent nestingvere her biggest concerns.

Korby  Mintken,| Korby has had success with the use of hanging CDs, reflective ril
plastic eyes, and large inflatable eyes on degnest buildingon large

span structures. Seasonal restrictions were the best method for a\
i mpacts in Korbyds experience.

spray deterrents and the use of raptor calls and potentially hire live ri
to deer birds in the area.

Pinyon

Environmental

Jeff Peterson| Jeff noted that he has seen nets used but acknowledged that tF
CDOT HQ expensive and difficult to install. Jeff also was skeptical of using r
deterrent methods, such as predator calls or swallow alarmistnesd
calls. He noted that seasonal closures are most effective but are
practical with construction schedules. Jeff was interested in investic
water cannons and drones for deterrents and removal methods.

3 NOISE AND VIBRATION PILOT STUDY

This section summarizes theethods, analysis and results of tieése and vibratiomilot study
that was conducted on the Sheridan Ave bri@geucture EL6-P) over Clear Creek between
September 1% 2017 and Novembe5¥, 2017.Use of mise and vibration units were donated for

the purposes of this study by Sigicom

3.1 Methods

Structure E16-P (Figure 1) is a steel bridge in an urban amdeDenver This bridge was chosen

for the study because of the timing of planned maintenance activities, the substructure type, known

14



swallow nestsaccessibility for installation of monitoring equipmeand its urban location. The
CDOT project that took place ahis bridge during this study was the SH 95 North Sheridan
Resurfacing 52' to 58" Ave Project (#19593)a project that involved bridge expansidevice
demolition and installatigrandroadway milling and resurfacing.
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Figure 1. Structure E-16-P Location
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Figure 2. Photo of Structure E-16-P

The vibration sensor used for this study was a Sigicom INFRA V12 Triaxal Geophone unit. This
model is triaxial and measures vibration in three direcandsrecorded data@ab-minute interval,

and the sensor is sensitive to vibration down to 0.002 infdee.vibration unit was attached
directly to asteel beam on the underside of the bridge. The unit was located wasthgide of

the bridge and on é&south side of Clear Creapproximately 20 feet south from the nearest
caisson
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Figure 3. Photo of mounted vibration sensor
The noisameasurement unit that was used in this study was the Sigicom S50 Sound Level Meter
IEC-Classl. The unit was located on the north sidestrfictureE-16-P. This unit was calibrated
to collect Lmax and Leq dBA recordings every five minut@sax is theoot mean square®RMS)
maxmum level of a noise source and the Leq dig&cribe varyingsound levels over the period

of time of interest, resulting in a single decibel value

3.2 Analysis

The noise and vibration data was downloaded from the Sigicom website at the conclusion of the
construction activities. The noise and vibration measuremets were located on site between
September 14, 2017 and November 25, 2017 and were collecting data throughout the duration of
that period; however, there were two significant gaps in data collection. First, there was no data
collected between September®and October '8 due to the batteries expiring and not being
replaced. Once the error was noted additional batteries were supplied to the units. Second, there
was no data collected between Octobét 46d October 20discharging for several dayls.was
discovered that the batteries were not securely attached to the bridge and were stolen. Due to the
sudden drop to zero in the battery life, no low battery warning was serfthositesuledin five
additional days withoudata recordingsAdditionally, when the vibration unit was turned back

on October 3, the vertical sensor was turned off and no vertical vibration data was collected after
that point aside from a brief, tagay period between Octoberand 1% The study teanare
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unsure why theertical data recording was turned off for the majority of the period, and because

of this, the study team wasnable to interpret data on vertical vibration.

After the data was received froBigicom,the study teamequestedDOT construction logs from

the maintenance activities that took placestmictureE-16-P. The construction logs varied in
specificity in terms of detailed times that certain activities took place. Unless specific start and end
times were recorded for certain activitié®e study tamhad to estimate these to the nearest half
hour. A number of construction maintenance activities were able to be identified. These identified
activities were bridge expansion device removal/irstialydemolition; milling; bridge deck
repair; bridge ddcsandblasting; asphalt paper joint remotak mix asphal{(HMA) paving; and
installation of bridge rail cover3he study team evaluatéide data and identified ¢htimes that,

to the best afheirinterpretation, construction activity was occurring. That information was broken
down into 5minute increments so that it could be directly compared to the noise and vibration
data in Microsoft ExcelTable 2 below shows the maintenance activities thateweentified from

the construction logs and the start and end times for those actiViiesoise and vibration data

is displayed as graphwith time periods of known construction activity highlightethis
information can be found iBection 3.3 Results

Table 2. Summary of Maintenance Activities

Noise and Vibration

Start Time Maintenance Activity

Data Collected?
20170918 | 20170919 | Bridge expansion devic Yes
18:30:00 04:45:00 removal and install
20170919 | 20170919 | Bridge expansion devic Yes
18:00:00 23:00:00 demolition
20170920 | 20170920 | Expansion device rail and reb Yes
00:30:00 02:45:00 installation
20170920 | 20170920 Concrete pour completed Yes
02:45:00 | 03:30:00 P P
20170920 | 2017+09-20 | Bridge expansion devic Yes
18:30:00 23:00:00 demolition
20170921 | 201709-21 | Bridge expansion devic Yes
18:30:00 23:15:00 demolition
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Start Time

Maintenance Activity

Noise and Vibration

Data Collected?

- 20170922 | 20170922 | Expansion device rail and reb Yes
00:40:00 03:00:00 installation
20170922 | 201709-22

8 03:00:00 03:35:00 Concrete pour completed Yes

9 20170925 | 20170925 | Bridge expansion  devic No
19:00:00 22:45:00 demolition and removal
201709-26 | 201709-26

10 03:05:00 04:05:00 Concrete pour completed No

11 20170926 | 20170926 | Bridge expansion devic No
18:30:00 22:00:00 demolition
20170926 | 201709-27 . . .

12 2330:00 02:15:00 Rail and rebar installation No
201709-27 | 201709-27

13 03:06:00 04:30:00 Concrete pour completed No

14 20170928 | 20170928 | Bridge expansion desg No
18:00:00 23:15.00 demolition

15 20170929 | 20170929 | Expansion device rail and reb No
00:45.00 03:05.00 installation
20170929 | 20170929

16 03:05:00 04:05:00 Concrete pour completed No

17 20171001 | 20171001 | Bridge expansion devic No
18:30:00 23:00:00 demolition

18 20171002 | 20171002 | Expansion device rail and reb No
00:00:00 02:45.00 installation
20171002 | 20171002

19 02:45.00 03:15.00 Concrete pour completed No

20 20171002 | 20171002 | Bridge expansion devic No
18:15:00 22:00:.00 demolition

21 20171003 | 20171003 | Expansion device rail and reb No
00:00:00 02:10:00 installation
20171003 | 20171003

22 02:10.00 02:45.00 Concrete pour completed No

23 20171003 | 20171003 | Bridge expansion devic Yes
19:00:00 23:00:00 demolition and removal

24 20171004 | 20171004 | Expansion device rail and reb Yes
01:00:00 03:30:00 installation
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Noise and Vibration

Start Time Maintenance Activity
Data Collected?

20171004 | 20171004

25 03:30:00 04:05:00 Concrete pour completed Yes

26 20171004 | 20171004 | Bridge expansion devic Yes
19:30:00 22:30:00 demolition and removal

27 20171005 | 20171005 | Expansion device rail and reb Yes
01:00:00 03:30:00 installation
20171005 | 201710-05

28 03:30:00 04:05:00 Concrete pour completed Yes

29 20171005 | 20171005 | Bridge expansion devic Yes
19:30:00 22:00:00 demolition andemoval

30 20171006 | 20171006 | Expansion device rail and reb Yes
01:25:00 03:15:00 installation
20171006 | 2017%10-06

31 03:15:00 03.40:00 Concrete pour completed Yes
20171011 | 20171012 , .

32 19:15:00 06:30:00 Round Robin style milling Yes
20171015 | 201710-16 : -

33 19-15:00 06.00:00 Round Robin style milling Yes (1st hour only)
20171016 | 20171016 : -

34 19-30:00 23:00:00 Round Robin style milling No
20171017 | 20171017

35 12-:00:00 14-30:00 Concrete pour completed No
20171019 | 201710-20 .

36 |21.40.00 |o0600:00 | HMAPpaving No
20171021 | 20171021 . .

37 08:00:00 16-00:00 Bridge deck repair Yes
20171024 | 201710-24 - Yes

38 1191000 |20:30:00 | Milling work
20171024 | 201710-24 : Yes

39 21:00:00 92-35:00 Deck sandblasting

40 201710-25 1 201710-25 Bridge expansion device insts ves
09:00:00 | 13:00:00 ge exp §

41 20171031 | 20171031 Bridge expansion device instg ves
09:00:00 | 13:00:00 ge exp §

42 201711-01 | 2017%11-02 | Removal of asphalt paper join ves
19:00:00 00:00:00 around expansion devices
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Noise and Vibration

Start Time Maintenance Activity
Data Collected?
201711-02 | 201711-02 . Yes
43 1022000 |1245:00 | HMA paving
20171102 | 201711-02 : Yes
44 18:30:00 19-30:00 Deck sandblasting
45 20171102 | 2017#11-03 | Gland installation in bridg¢ Yes
18:30:00 04:30:00 expansion device
46 201711-08 | 2017%11-08 | Gland installation in bridge Yes
11:00:00 14:00:00 expansion device
47 201711-08 | 201%11-08 Pavin Yes
11:45:00 | 13:00:00 g
201711-13 | 2017#11-13 . : . Yes
48 07:00:00 11-30:00 Installing bridge rail covers
3.3 Results

Datais displayed graphically ifrigures 2-6 below. Due to the large gaps in data collected for
vertical vibration, that category is not analyzed in this pilot project. In the figures, red lines
represent the vibration or noise data recorded during periods that the study team has no record of
constuction activities taking plac®lue lines represent those periods whbkeestudy tearknows

a specificconstruction activity was taking pladeigure 5 andFigure 6 below focus on singular
maintenance activity events. The graphs show the spikes ini@ibtaat occurred during known
construction periodslhe large spike at the very beginningrogures 2, 3, and 4esulted from
installation of the vibration sensor and is not included in the analysis. Note thattibal\axis

for the two vibration grhs are at different scales. This is because the vibration values recorded
for lateral movement were much lower than those recorded for transverse movwafent.
referring to the orientation of the bridge as showfigure 1, lateral bridge vibratiomefers to

north/south movement, and transverse vibration is east/west movement.
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Figure 4. Lateral Vibration Values
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